Background: About 90% of new tuberculosis (TB) cases in Norway appear among immigrants from high incidence countries. There is a compulsory governmental tuberculosis screening programme for immigrants; immigrants with positive screening results are to be referred from municipal health care to the specialist health care for follow-up. Recent studies of the screening programme have shown inadequate follow-up. One of the main problems has been that patients referred for follow-up have not attended their appointment at the specialist health care. TB screening in the municipality of Trondheim is done by two different teams: the Refugee Healthcare Centre (RHC) screens refugees and the Vaccination and Infection Control Office (VICO) screens all the other groups. Patients with positive findings on screening are referred to the hospital's Pulmonary Out-patient Department (POPD). The municipal and referral level public health care initiated a project aiming to improve follow-up through closer collaboration. Methods: An intervention group and a pre-intervention control group were established for each screening group. During meetings between staff from the municipality and the POPD, inadequacies in the screening process were identified, and changes in procedures for summoning patients, and time and place for tests were implemented. For both the intervention group and the control group, time from referral until consultation at the POPD and number of patients that attended their first appointment were registered and compared. Results: In the VICO group, 97/134 (72%) of the controls and 109/123 (89%) of the intervention group attended their first appointment at the POPD after 30 weeks (median) and 10 weeks, respectively. In the RHC group 28/46 (61%) of the controls and 55/59 (93%) in the intervention group attended their first appointment after 15 and 8 weeks (median) respectively.
Background
For the year 2011, the World Health Organization (WHO) estimated a total of 8.7 million new (incident) and 12 million prevalent cases of tuberculosis (TB) worldwide [1] . Roughly estimated, one third of the world's population has been infected with tuberculosis [2] .
In Norway, the number of TB cases has increased in recent years and in 2011 The National TB Registry reported 361 cases, of which 88% were immigrants. Molecular studies have suggested that most cases of TB in Norway were due to imported strains and that about 80% of the cases were reactivation of previously contracted TB infection [3] .
In Norway there is an extensive TB screening programme with the aim of preventing transmission of infection and development of disease in infected persons [4] . The guidelines from the National Institute of Public Health describe how, where and when different groups are to be screened [5] . Asylum seekers are screened on arrival in Oslo where cases suspected of active TB are diagnosed and treated. Asylum seekers not suspected of TB disease are transferred to other centres in Norway where the municipal public health care is to follow-up the screening results. Other groups, e.g. refugees, labour immigrants, students, family reunions, healthcare and childcare staff after returning from high incidence countries, and participants in contact tracing, are screened by the public health care in the municipality where they are living. The screening consists of a chest X-ray of everyone above the age of 15, and a Mantoux test of everyone up to the age of 40 except students and labour immigrants who are given a chest X-ray only [5] . If the Mantoux test is positive for a certain risk group an Interferon Gamma Release Assay (IGRA) test is performed before referral. When an abnormal Xray, a Mantoux test ≥ 15 mm or a positive IGRA test is detected, the patient is referred to the local hospital, the department of pulmonary medicine, the department of pediatrics, or the department of infectious diseases. A specialist then conducts a full examination and diagnoses the patient with latent TB, active TB or any other diagnosis and decide whether to start treatment or not. Active TB is diagnosed by a combination of clinical examinations, tests for mycobacteria and radiology.
A previous study of the TB-screening programme for asylum seekers in Norway conducted in [2007] [2008] [2009] showed that one third of patients with an abnormal X-ray on arrival were not followed up and only one third of persons with a positive Mantoux test were referred to a specialist for follow-up [6] . The study detected problems both in the municipal health care and in the specialist health care. The municipal health care often did not register the screening results or refer patients, and many referred patients did not attend their appointment at the hospital [7] .
Many patients did not attend their appointment at the Pulmonary out-patient department (POPD) at St.Olavs Hospital either, and more than 400 patients with positive TB screening results had waited longer for an appointment than is acceptable according to governmental guidelines. This could possibly have led to unnecessary transmission of TB from undiagnosed cases, or serious complications because of late diagnosis and treatment. Others with latent TB could develop TB because they did not get prophylactic treatment. These concerns led to the planning of the present study.
The aim of this project was to improve the follow-up of patients with positive TB screening results through intervention that included increasing the collaboration between municipal and specialist public health care and new routines for summoning patients. To detect possible improvements, this study compared a group of patients after the intervention with a group from a time period before the intervention.
Methods

Study population and study sites
The municipality of Trondheim has 180 000 inhabitants and most immigrants in the county of Sør-Trøndelag (population: 298 000) live there. The city has a wellorganized system for TB-screening and referral.
The public health care dealing with tuberculosis is organized in two different teams: the Vaccination and Infection Control Office (VICO) and the Refugee Healthcare Centre (RHC).
VICO is responsible for the compulsory screening for student and labour immigrants with their families, family reunions to Norwegians, health care workers or people working in child care after returning from high incidence countries, and contact tracing. VICO do Mantoux testing and refer for X-rays and IGRA tests in accordance with the guidelines [5] . In 2010, VICO screened 1600 persons for TB. The patients are informed about opening hours and there is no booking in advance.
The RHC do TB screening and offer primary health care for refugees and their families until they become included in the standard Norwegian health care system. For asylum seekers RHC offer follow-up of TB screening results and primary health care. The RHC examine about 200 persons each year and do Mantoux testing, refer for X-rays and IGRA tests and offer a general health examination including blood tests and HIV tests. Patients normally get an appointment within a week after arrival.
The POPD is part of the Clinic of Thoracic-and Occupational Medicine at St. Olavs University Hospital and is the only referral clinic for the County of Sør-Trøndelag for TB screening and pulmonary TB in adults. Patients screened for TB who are known to be HIV positive are referred directly to the Department of Infectious Diseases. Independent of diagnosis and country of origin, every patient is summoned by a general letter with information regarding the appointment, and if X-ray is needed a separate letter is sent from the Department of Radiology to the patient.
Study design
This was a non-randomized study that compared a group of participants receiving an intervention with a similar group from the past with no intervention.
Study end-points
Frequency of patients who attended their first consultation at the POPD, and the time from screening in the municipality to examination at the hospital by first call were registered end-points.
Interventions
Regular meetings between staff at VICO, RHC, and the POPD were organized to map the screening process, locate the problems, discuss ideas for improvements, and test out the ideas. From the municipality of Trondheim, public health nurses and the infectious control physician participated, and from the POPD a nurse, the patient coordinators, the head of nursing and a chest physician (project leader) took part.
Identified problems and interventions
During the project meetings, the whole screening process related to what was done where and when was described for each group. The two main problems identified were that many patients never arrived for their appointment at the POPD, and that there was a long delay between the primary screening and the time an appointment was given. For the patients who did not attend their appointments, the staff at VICO or RHC were asked to check if the patients had moved and this created extra work. For patients who had not attended their appointment at the POPD, a new appointment had to be given. This prolonged the waiting time at the POPD even more. Some patients even left the hospital after their X-rays or blood-tests without seeing the physician.
The main intervention was to change routines for summoning the patients. In addition to the summoning letters, a person contacted each of the patients by phone, either directly, through a contact person, or through a translator.
Another intervention was to change the timing of some of the tests to reduce the number of tests done at the hospital at the time of POPD appointment, and to reduce the total number of blood samples drawn For patients from RHC, all blood tests were done at the RHC; a new chest X-ray was also done prior to the appointment at the POPD. Thus, a separate summoning letter from the X-ray department was no longer needed. The patients from RHC were followed by a guide after they arrived at the hospital. The patients from VICO had an HIV test taken at the same time as they had their IGRA test.
Inclusion criteria
All patients referred from VICO and RHC to the POPD in the study period were included (Figure 1 ).
Data collection
Information about the control groups was collected retrospectively from paper files at VICO and computerized files at RFC (Figure 1) . A designated nurse looked up all patients referred to the POPD in the actual time period and used information they had registered together with the information received from the POPD. When information from the POPD was not available in the municipal health files, this was collected from the hospital files.
Information about the intervention group was collected from the computerized hospital files. Referral lists from the municipality were used to identify the patients. The registration was done by the project leader.
Data registration and analysis
The data were first registered by patient names in an Excel data base. Afterwards all patient-identifying information was removed and the files transferred to SPSS for windows, version 18 (Chicago, IL, USA) for analysis.
Frequencies were analyzed with proportions and 95% confidence intervals. Medians were compared across independent groups by non-parametric test (Mann-Whitney test) using Median Test for k samples and P < 0.05 was considered statistically significant.
Approvals and permissions
The Regional Ethics Committee, Mid-Norway, confirmed that the study did not require ethical approval. As a service evaluation project permission was needed and given from the Head of the Department of Thoracic and Occupational medicine, St.Olavs Hospital, and from the City Executive for Health and Welfare Services, City of Trondheim.
Approvals to use patients`files and to keep a secure file at the computer system were given from the above authorities, and at the hospital it was approved by the Data Protection Official as well. Data files were made anonymous before they were transferred to SPSS for analysis and files form the municipality and the hospital were kept and analyzed separately.
Results
Results of the registrations VICO
The control group at VICO was screened between September 2009 and August 2010 and included 134 persons (Figure 1 ). The project period lasted from July 2011 to June 2012 and included 123 persons ( Table 1) . The control and the intervention groups had overlapping 95% confidence intervals (CI) for demographics, screening tests results, and cases with planned treatment for latent TB (Table 1) . A higher percent diagnosed with latent TB was registered in the intervention group.
In the control group, the most common reasons for screening were contact tracing (30), family reunion to Norwegian citizens (24), family reunion to students (23) and labour immigrants (19). In the intervention period, the reasons for screening were family reunion to Norwegian citizens (23), contact tracing (16), labour immigrants (28), family reunion to labour immigrants (15) , and students (13) .
In the control group, the patients came from 49 different countries and the most frequent countries were Norway (30), The Philippines (11) and China (10). In the intervention group, the patients came from 42 different countries and the most frequent were The Philippines (20), Norway (15) and Vietnam (8) .
RHC
At the RHC, the control group was screened from October 2010 to April 2011 and included 46 persons: the intervention period was from September 2011 to June 2012, and 59 persons were included (Figure 1) . A comparison of 95% CIs showed no differences between the control and the intervention group regarding demographic variables, screening test results, or numbers diagnosed with latent and active TB (Table 1) . No cases of previous TB were registered in the control period but six were registered in the intervention period. Planned treatment for latent TB was equal in the groups. The persons screened at the RHC were asylum seekers, refugees or family reunion to refugees, but the available data was not sufficient to make it possible to differentiate between these groups.
In the control group, the patients came from 15 different countries and the most common countries of origin were Eritrea (12), Somalia (10), Liberia (4) and Ethiopia (3). The patients in the intervention group came from 12 different countries and the most frequent countries were Somalia (20), Ethiopia (8), Afghanistan (6), Eritrea (6) and Myanmar (6).
Study end-points
The frequency of patients from VICO who attended the first consultation at the POPD increased from 97/134 (72%) in the control group to 109/123 (89%) patients in the intervention group ( Table 2 ). The frequency among RHC patients increased from 28/46 (61%) to 55/59 (93%) patients. The CIs were not overlapping for either group. In the VICO group, time from screening in the municipality to examination at the hospital (by first call) was reduced from median 30 to median 10 weeks and Figure 1 Timeline of patient inclusion.
this was a significant difference (p < 0.001) In the RHC group, the time was reduced from median 15 to median 8 weeks (p = 0.04). For the patients from RHC there were no differences in the total attendance to the POPD between the control and the intervention group (Table 2) but the control group needed to be summoned several times before they arrived.
Discussion
Increased collaboration between public municipal health care and the POPD increased the numbers of patients attending their first call to the POPD and reduced the time from examination in the municipality to examination at the POPD. The contents of screening programmes for immigrants show great variety among countries [8] . Studies from Switzerland and Canada have shown similar problems as in our study with follow-up of TB screening results among immigrants [9, 10] . In more recent studies from Canada up to 50% of immigrants had adhered to post immigrant TB surveillance [11] .
How can the follow-up of screening results be improved? A comparable study from USA showed improvement in the follow-up after arrival of people with abnormal results at their pre-entry screening. Without interventions, 25% of the immigrants arrived for follow-up.
Step-wise intervention started with summoning letters, phone-calls, and finally home-visits and altogether 97.5% of the immigrants had their follow-up [12] . A review of migrant tuberculosis screening in Europe emphasized the importance of a good follow-up system and continuum of care. The review concluded that TB care should be integrated with general healthcare within a holistic approach [13] . One of the conclusions of a study about best practices in delivery of health care services to immigrants in Denmark was the need for collaboration between the different levels of health care and between the health care and the social sector [14] .
As the intervention measures of our project were initiated simultaneously, it is hard to say which had most impact. Shorter time from examination in the municipality to summoning for the follow-up probably increased the numbers that arrived for examination, both because the patients remembered why they were referred, and fewer had moved to another municipality or changed addresses. Another reason for more patients turning up and shorter waiting time could be that the project led to increased awareness among staff at all levels. Because more patients attended their first appointment, fewer patients had to be summoned for a second or third time. This would reduce the workload and waiting lists at the POPD and as a consequence reduce the time before appointments.
The summoning process is another important issue, as was shown in the study from USA [12] . When only a letter is sent to the patient, no one knows whether the letter has been received, whether the address is correct or the patient has moved on, or whether the patient understands what the letter is all about. By contacting each patient directly or through an interpreter or a contact person, the contact was established and the message probably understood. It is possible that simplification of the summoning letter also helped; it was not necessary to send out extra letters from the X-ray department. The summoning letters could be improved further e.g. by further simplification and by translation into different languages.
Fewer patients were missed after they arrived at the hospital in the intervention period. X-rays and blood testing done before the appointment and a guide who received the patients from RHC when they arrived at the hospital could be reasons for that.
In the VICO group, there were more patients diagnosed with latent TB in the intervention group than in the control group. The reasons could be different interpretations of patient records or a real difference between the groups. Overall, more of the RHC patients were offered treatment for latent TB than in the VICO group. This is not adjusted for other factors, and it is beyond the focus of this paper to explain these results. Still, the results seem reasonable because refugees have higher risk for reactivation of TB than estimated risk in their home countries and e.g. labour immigrants or students from the same country [15, 16] . 
Possible consequences of the project
Because patients with abnormal findings at screening turned up sooner at the POPD, some patients were diagnosed with TB disease before having symptoms. As a consequence, they were less likely to infect so many others and the contact tracing would be less extensive. Others were possibly prevented from developing TB by getting preventive treatment at an earlier stage. Because fewer patients needed to be summoned a second or third time to the POPD, the waiting time and waiting lists where shortened. This benefited both TB screening patients and other patients attending the POPD. In the municipality, the requests for checking up missing people were considerably reduced and this reduced the total workload. Performing screening in the municipality was probably more rewarding when a conclusion followed quickly?
Can the results of this project be used elsewhere? Local differences in the organization of the screening process make it difficult to use the experiences from our project directly. But the process of closer collaboration between different levels of health care dealing with screening could be transferred everywhere. A thorough mapping of who is doing what and where in the screening process, and what the main problems are locally, is a useful way of starting the process of improvement. Our results indicate that this way of dealing with problems between health care levels could also be used for other specific patients groups that have problems using the ordinary health care system.
Strengths and limitations
The project was started to improve the follow-up of positive screening tests, not to evaluate the screening programme itself. Patients with alarming symptoms or grossly abnormal X-rays were fast tracked through the system and not registered in this project. The yield of screening can thus not be evaluated.
The control groups were registered in the municipality from their files by a nurse and the project groups from the hospital files by the project leader. When no information from the hospital was received in the municipality, the patient information was checked in the hospital files for more complete information. This would make the data collection and registration as similar as possible for the control and project groups. Still some data could be missing or registered in a different way at different levels.
From one year to the next, countries of origin of the screened persons differ and so do the numbers in each group. There were even some patients from Norway included who were screened according to the regulations. All these factors could influence the degree to which the patients would attend their appointment.
The strength of the study is the simplicity, and how easily the information can be used in other settings. The project is close to ordinary routines and can be handled in practice with minor adjustments.
Conclusion
A project of increased collaboration between the municipal public health care and POPD in the follow-up of TB screening increased the numbers that attended their first appointment in the POPD, and decreased the time from examination in the municipality until the POPD examination. As a result, some cases of active TB were detected before they had any symptoms, the work-load and waiting lists at the POPD were reduced and the municipality got fewer enquiries about missing persons.
